T HERE HAS BEEN A GROWING
interest in quality of life (QOL) in multiple sclerosis (MS), though few have studied QOL in a population-based prevalence cohort. [1] [2] [3] [4] [5] [6] [7] [8] [9] Immunomodulatory therapies have a beneficial effect on relapse rate, disease activity measurements using neuroimaging, and shortterm disability. [10] [11] [12] [13] [14] Contemporary studies are beginning to assess the effects of these treatments on QOL, which may be more important to patients than disability. 7, [15] [16] [17] [18] [19] [20] The natural history of MS with regard to disability and QOL, based on community-based cohort studies, is a benchmark against which both treatment and placebo outcome groups can be compared. 21 In this study, we measured the QOL of the Olmsted County, Minn, 2000 prevalence cohort and compared it with the general population.
METHODS

THE STUDY COMMUNITY AND STUDY DESIGN
We identified all known cases of MS in Olmsted County using the Mayo Clinic's (Rochester, Minn) computerized centralized diagnostic index. Definite (clinical and laboratory supported) MS cases were identified using the Poser criteria. 22 The majority of patients in Olmsted County received their care at the Mayo Clinic, with the remainder receiving care at either the Olmsted Medical Group, Rochester, or the Olmsted Community Hospital, Rochester. The indices of the Rochester Epidemiology Project allowed retrieval of all diagnoses regardless of health care provider. All records were reviewed by a neurologist (S.J.P., W.T.M., J.H.N., or M.R.) to confirm the diagnosis and extract medical information. Definite MS cases who were residents of Olmsted County on December 1, 2000, and had an established residence in Olmsted County for at least 1 year prior to this formed the prevalence cohort. 
ORIGINAL CONTRIBUTION
CLINICAL EVALUATION AND PATIENT INTERVIEW
Patients were interviewed and examined in a clinic setting. Home and nursing home evaluations were performed when patients were unable to attend the clinic. Telephone interviews were performed for patients unwilling to be seen. We recorded demographic data, date of MS onset, and use of immunomodulatory treatment by review of medical records supplemented by patient reporting. A full neurologic examination was performed and neurologic disability assessed with the use of the expanded disability status scale (EDSS), 23 or if the patient was not examined, then the EDSS score was estimated from interview or review of case records. Patients were required to be at these specific EDSS scores for at least 6 months. Course of MS was categorized as relapsing remitting, secondary progressive, or primary progressive. At the end of the face-to-face or telephone interview, the patients completed the Multiple Sclerosis Quality of Life Health Survey (MSQOL-54) consisting of the Short Form 36 (SF-36) along with 18 additional items pertinent to patients with MS. 9, 24 The SF-36 part of the MSQOL-54 consists of 36 questions, 35 of which are compressed into 8 multi-item scales: (1) physical functioning is a 10-question scale that captures abilities to deal with the physical requirement of life, such as carrying groceries, walking, climbing stairs, and dressing; (2) role physical is a 4-item scale that measures the extent to which physical capabilities limit activity; (3) bodily pain is a 2-item scale that evaluates the perceived amount of pain experienced during the previous 4 weeks and the extent to which that pain interfered with normal work activities; (4) general health is a 5-item scale that evaluates general health in terms of personal perception; (5) vitality is a 4-item scale that assesses feelings of pep, energy, and tiredness; (6) social functioning is a 2-item scale that assesses the extent and amount of time, if any, that physical health or emotional problems interfered with family, friends, and other social interactions during the previous 4 weeks; (7) role emotional is a 3-item scale that evaluates the extent, if any, to which emotional factors interfere with work or other activities; and (8) mental health is a 5-item scale that evaluates feelings principally of anxiety and depression. The scales are assessed quantitatively, each on the basis of answers to 2 to 10 multiple-choice questions, and a score between 0 and 100 is calculated with a higher score indicating a better state of health. 9, 24 The additional 18 QOL items pertinent to patients with MS are described in the "Results" section and pertain to bowel and bladder dysfunction and sexual, other health, and cognitive problems. 
STATISTICAL ANALYSIS
Results from the SF-36 QOL questionnaire were scanned and scored according to the algorithms of Ware, 24 1993 . To compare with the general US population, controlling for age and sex, z scores were calculated for each subscale score and the physical-component summary and mental-component summary scores using the mean and standard deviation of the relevant age and sex-specific reference norms. These scores were then rescaled to a mean±SD of 50±10. The average QOL for the general US population on any subscale is then represented by a score of 50. Scores higher than 50 for the MS population indicate that they have a better state of health on average than the general US population on this aspect of QOL, whereas scores lower than 50 indicate that they have a worse state of health. P values were based on 2-sample unpaired t tests comparing the standardized MS population subscales with a distribution with a mean±SD of 50±10. Absolute differences of 3 or more in both the subscale and summary scores were considered clinically meaningful. 25, 26 Comparisons among MS types were performed using analysis of variance models. Correlations between EDSS score and/or disease duration and the SF-36 QOL subscales used Pearson correlation coefficients. Scatterplots were used to examine whether there were any obvious departures from the linearity assumption.
RESULTS
We identified 201 patients with clinically or laboratorysupported definite MS. One hundred forty (70%) were women. The median age of onset of disease was 31 years, and the median duration of follow-up for the entire cohort was 19.3 years (range, 0.9-70.7). One hundred thirty patients were in the relapsing-remitting category; 60 were in the secondary progressive category. Only 11 were classified as having primary progressive MS. The median EDSS score was 3.0 (range, 0-9.5) for the prevalence cohort. The distribution for the EDSS score for the entire cohort is shown in Figure 1 .
Fifty patients (25%) had been on at least 1 of the immunomodulatory drugs (interferon ␤-1a, interferon ␤-1b, glatiramer acetate). Thirty-four of these had relapsing-remitting MS and 16 had secondary progressive MS at the time of the study. The median duration of treatment was 13.4 months (interquartile range, 8.7-24.2) for interferon ␤-1a, 15.6 months (interquartile range, 10.5-37.3) for interferon ␤-1b, and 14.8 months (interquartile range, 5.0-28.9) for glatiramer acetate. Twenty-two patients (44%) stopped their initial drug and half of these patients did not restart another.
Of the 2000 prevalence cohort,178 (89%) of the patients underwent a face-to-face interview and repeated neurologic examination within 14 months of the prevalence date and 14 patients underwent a telephone interview. While 9 patients refused to participate actively in the study, recent medical records (with neurologic evaluations in all) made it possible for them to be included in most of the assessments. One hundred eighty-five patients (92%) completed the MSQOL-54; 6 patients were unable because of severe dementia, and 10 refused.
The unadjusted raw scores for the total MS cohort and the MS subtypes (relapsing remitting, secondary progres- sive, and primary progressive) are presented in Table 1 .
Comparison of QOL scores for the MS prevalence cohort (n=185) and the general US population are presented in Table 2 and Figure 2 . The US population scores 50 for each dimension; thus, a score higher than 50 implies a better state of health and a score lower than 50 implies a worse state of health than the US norm. Whether the differences in mean standardized scores for the total MS cohort and the MS subtypes are clinically different in a meaningful way from the US norms is illustrated in Figure 3 . Those groups with scores of greater than 3 above the US standardized norms are considered as perceiving their QOL for that domain as being better. Scores of greater than 3 below the US standardized norm of 50 are considered as perceiving their QOL for that domain as being worse.
Patients showed lower mean composite scale scores for 5 of 8 dimensions of the SF-36, as well as the physical component scores compared with age-and sex-adjusted scores in the general US population (Table 2) (Figure 3 ). Though all were statistically significantly different from the general US population, only physical functioning, role physical, general health, vitality, and the physical component score were felt to be clinically worse (score of Ͼ3 points less than 50) than the general US population (Table 2) (Figure 3 ).
There were only minimal differences in bodily pain, social function, role emotional, and mental health when compared with normative data (Figure 3 ). Patients with MS actually had higher mean standardized scores for bodily pain, role emotional, mental health, and the mental component scores compared with the general population ( Table 2 ). The differences between mean standardized scores for the total MS group compared with the US population were less than 3 for bodily pain, role emotional, and mental health, suggesting that they are not clinically different (Table 2 ) (Figure 3) .
Patients with relapsing-remitting MS scored higher than either patients with secondary progressive MS or primary progressive MS with respect to physical functioning, role physical dimensions, and the physical component score; these differences were both statistically Abbreviations: PPMS, primary progressive multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis. *Values are expressed as mean (SD). †Physical functioning refers to limitations in physical activities because of health problems; role physical, limitations in usual role activities because of physical health problems; bodily pain, the perceived amount of pain and the extent to which it interfered with normal activities; general health, general health in terms of personal perception; vitality, feelings of pep, energy, and tiredness; social functioning, limitations in social activities because of physical or emotional problems; role emotional, limitations in usual role activities because of emotional problems; mental health, feelings principally of anxiety and depression. Abbreviations: PPMS, primary progressive multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis. *Values are expressed as mean (SD). †Physical functioning refers to limitations in physical activities because of health problems; role physical, limitations in usual role activities because of physical health problems; bodily pain, the perceived amount of pain and the extent to which it interfered with normal activities; general health, general health in terms of personal perception; vitality, feelings of pep, energy, and tiredness; social functioning, limitations in social activities because of physical or emotional problems; role emotional, limitations in usual role activities because of emotional problems; mental health, feelings principally of anxiety and depression.
‡P values are based on an analysis of variance model comparing the 3 types of multiple sclerosis. Scores are standardized so that the general US population is represented by a mean (SD) of 50 (10) . Standardized means lower than 50 for the multiple sclerosis population indicate a worse score (ie, a worse state of health) than the general US population; means higher than 50 indicate a better score (ie, a better state of health).
(REPRINTED) ARCH NEUROL / VOL 61, MAY 2004 WWW.ARCHNEUROL.COMsignificant as well as clinically meaningful (Table 2 ) (Figure 3) . The secondary progressive group perceived their social functioning and vitality as worse than the relapsingremitting and primary progressive groups. Physical functioning, role physical, general health, social functioning, and vitality dimensions were significantly correlated with the EDSS score ( Table 3) . There was a very weak correlation between bodily pain, role emotional, or mental health dimensions and EDSS score. The correlation between EDSS score and selfrated QOL scale score (0 [worst] to 10 [best]) was significant but weaker than expected (r = −0.37; PϽ.001) (Figure 4) .
Duration of MS from onset only correlated significantly with physical functioning (r = −0.37; PϽ001) but none of the other QOL dimensions (Table 3) .
Rate of progression was analyzed with respect to QOL. No significant differences in the scores for the 8 QOL dimensions were found between patients with quick vs slow progression (quick progression defined as Ͻ5 years from onset to EDSS score of 3).
Results of the additional QOL questions as part of the MSQOL-54 are presented in Table 4 . Questions relating to overall satisfaction with sexual function revealed that 98 patients (53%) were very or somewhat satisfied, 26 (14%) were somewhat or very dissatisfied, and 61 (33%) were neither satisfied nor dissatisfied. When patients were asked to describe how they felt about their life as a whole, 142 (77%) were mostly satisfied or delighted whereas only 7 (4%) were mostly dissatisfied or described their lives as terrible at the time of interview. 
COMMENT
It is generally believed among health care professionals that illness and injury profoundly affect patients' QOL. In addition to mortality and morbidity, QOL is becoming an increasingly important measure of the impact of disease and as an outcome measure in clinical trials.
The most widely used measure of health-related QOL in the United States is the SF-36. [27] [28] [29] [30] The SF-36 has been widely applied to the general population as well as people with cancer and other highly prevalent diseases. [27] [28] [29] [30] Recent studies in MS have investigated QOL in MS clinics, cross-sectional population-based cohorts, in association with magnetic resonance imaging, and as an outcome measure in MS clinical trials. 5, 6, [15] [16] [17] [18] [19] [20] 31 The QOL data on prevalence cohorts have been lacking despite promising to contribute important information about the impact of disease on a community as well as allowing for comparisons with the general population and patients with other diseases.
Determining clinically important differences in health status measures is of paramount importance because what may be statistically significant may have no clinical importance. For this study, we used a cutoff of 3 based on similar methods of analyses published by others. 25, 26 Differences greater than 3 more or less than the mean 50 for the age-and sex-matched US population were considered clinically meaningful.
In our study, the application of the SF-36 in a crosssectional fashion provided an overview of QOL for a community-based population at a single point in time. Only 25% of our prevalence cohort received immunomodulatory treatment, and those who did were on therapy for a mean duration of less than 2 years. It is unlikely that this duration of treatment in such a small proportion of patients affected either the level of disability or QOL.
The physical functioning, physical role dimensions, and the physical-component scores were worse for the MS cohort compared with the general US population. In contrast, however, bodily pain, role emotional, and social functioning were generally not clinically different from the general US population, possibly reflecting the coping skills of patients with long-term progressive illnesses to adjust and compensate socially and emotionally. These findings differed somewhat from a previous population-based study in Norway, which found lower mean scores for all SF-36 health dimensions compared with sex-and age-matched scores in a general population. 5 The Norwegian community-based cohort was, however, similar to our cohort. They had a similar mean EDSS score (4.1 vs 3.8), age at disease onset (33 vs 31 years), age at examination (47 vs 52 years), duration of disease (14 vs 19 years), and proportion of women (61% vs 70%), though there was a higher percentage of patients with primary progressive MS in the Norway cohort compared with ours (20% vs 5%).
A study of 136 patients with MS by Wang et al 32 found that patients with lifetime depression had significantly lower MSQOL-54 scores for domains of energy, mental health, cognitive function, general health, and role emotional than those without depression. The relatively good performance of our patient cohort in the mental health dimension is notable. Patients with severe dementia (n=6) were not asked to complete the QOL assessments, and these patients, if included would obviously have lowered the scores in those dimensions of QOL. The 2000 Olmsted County MS population had a median EDSS score of 3.0 (range, 0-9.5) and a higher proportion of patients with relapsing-remitting MS (65%) than many other population-based MS studies. 33 In addition, previous studies based on this population have shown a more favorable functional status than previously recognized. 34 This will likely have a similar beneficial effect on overall QOL.
The EDSS is the most commonly used measure of impairment/disability in MS studies, though it is heavily influenced by limb and gait dysfunction. Previous studies have shown a correlation between EDSS score and most dimensions of the SF-36, though correlation was highest for physical functioning. This reflects the heavy weighting of the EDSS for mobility. 5 In this study, we found that QOL is impaired, though not as much as might be ex- *Physical functioning refers to limitations in physical activities because of health problems; role physical, limitations in usual role activities because of physical health problems; bodily pain, the perceived amount of pain and the extent to which it interfered with normal activities; general health, general health in terms of personal perception; vitality, feelings of pep, energy, and tiredness; social functioning, limitations in social activities because of physical or emotional problems; role emotional, limitations in usual role activities because of emotional problems; mental health, feelings principally of anxiety and depression.
pected from EDSS measurements, and there was no correlation between EDSS score and pain, role emotional, or mental health.
In a random sample of 203 patients with MS from a population register, Ford et al 4 found no significant difference in QOL across disease course groups (early relapsing-remitting, secondary progressive relapsing, and primary progressive and benign) in sharp contrast to differences in disability. In their analyses, there was a trend of QOL measures consistent with the hypothesis that adjustment to disability occurs with age and increasing duration of disease. 4 In contrast, we found that duration of disease was only significantly positively associated with 1 (physical functioning) of 8 QOL dimensions.
Although many patients with MS have significant disability, most patients with MS in the Olmsted County community continue to report a good QOL. Though they are worse with respect to the physical and social functioning domains of QOL, they did not have clinically meaningful differences in their perception of pain, cognitive problems, or emotional problems affecting their QOL when compared with the general US population. Future studies will need to address the role of psychiatric morbidity, religious belief, financial status, and home and social environment as well as support networks on QOL, which may have an important role in different communities but were not addressed in our study. 
